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Abstract The tadpole is a critical stage in the amphibian life cycle and plays an important role during the transition 
from the aquatic to the terrestrial stage. However, there is a large gap in tadpole research, which represents a vital 
component of our understanding of the diversity and complexity of the life history traits of amphibians, especially their 
developmental biology. Some aspects of this gap are due to limited research approaches. To date, X-ray microcomputed 
tomography (micro-CT) has been widely used to conduct osteology research in adult amphibians and reptiles, but little 
is known about whether this tool can be applied in tadpole studies. Thus, we compared the results of two methods (the 
bone-cartilage double-staining technique and micro-CT) to study vertebrae in tadpole specimens. The results revealed 
no significant difference between the two methods in determining the number of vertebrae, and micro-CT represents a 
rapid, non-invasive, reliable method of studying tadpole vertebrae. When scanning tadpoles, voltage is the most critical 
of the scanning parameters (voltage, current and scan time), and moderate scanning parameters are recommended. In 
addition, micro-CT performed better using specimens stored in 70% ethanol than those preserved in 10% formalin. 
Finally, we suggest that micro-CT should be more widely applied in herpetological research to increase specimen 


utilization. 
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1. Introduction 


The larval period is an important part of amphibian life 
history and plays a significant role during the transition 
from the aquatic to the terrestrial stage. However, at the 
end of the last century, the tadpoles of approximately 
two-thirds of the nearly 3 300 known anuran species 
with a larval phase had not been described (McDiarmid 
and Altig, 1999), and this knowledge gap is critical to 
our understanding of the diversity and complexity of 
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the life history traits of amphibians, especially their 
developmental biology. Thus, tadpole biology is a 
discipline within amphibian research that needs to 
be strengthened. Some aspects of this lack of tadpole 
research are due to limited methodological approaches. 
To obtain an accurate visualization of internal three- 
dimensional (3D) structures, researchers mainly utilize 
conventional or modified methods, such as serial 
histological sectioning (Roéková and Roček, 2005) and 
gross dissection (Zhang et al., 2016). For example, the 
bone-cartilage double-staining technique has been widely 
used in comparative skeletal anatomy studies of small 
vertebrates since the last century (Hanken and Wassersug, 
1981; Simons and Van Horn, 1971; Wassersug, 1976; 
Williams, 1941), but these methods are typically time- 
consuming and destructive to the specimens under 
examination. Recently, non-invasive visualization 
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methods have come to the forefront including X-ray 
microcomputed tomography (micro-CT), which can 
overcome these weaknesses and visualize the internal 
anatomy and structural complexity of organisms in the 
micrometer (um) or nanometer (nm) ranges by relying 
on differences in the photon attenuation levels of these 
tissue types (Broeckhoven et al., 2017; Chao et al., 
2005; du Plessis et al., 2017; Ritman, 2004, 2011). This 
approach has been applied in biomedical studies, such 
as investigations of the skeleton, organs and vascular 
tree of live mammals, to obtain information on the status 
or progression of disease (Campbell and Sophocleous, 
2014; Ritman, 2004). Micro-CT also provides detailed 
anatomical interpretations to inform developmental, 
systematic, and functional morphological research in 
invertebrates and vertebrates (Gignac ef al., 2016; Porro 
and Richards, 2017; Scherrer et al., 2017). Applications 
include species identification (Boistel et al., 2011; 
Faulwetter et al., 2013; Parapar et al., 2017; Scherz et al., 
2014) and exploring ecological or evolutionary questions 
in certain taxa (Broeckhoven and du Plessis, 2017). In 
herpetology, this tool has been widely used to conduct 
research in adult amphibians and reptiles (Chen et al., 
2012; Fortuny et al., 2015; Kim et al., 2017; Lauridsen 
et al., 2011; Scherz et al., 2015; Vasquez et al., 2008), 
but non-invasive micro-CT has not yet been integrated 
into studies of the developmental biology and osteology 
of tadpoles. Therefore, we report the use of micro-CT 
for examining the structure of tadpole vertebrae with the 
hope of making this modern tool more accessible to the 
broadest range of morphological researchers across the 
widest range of fields. 

The aims of this study are to 1) investigate the 
feasibility of micro-CT to examine the structure of 
tadpole vertebrae in vivo, 2) compare the merits and 
defects of micro-CT with those of conventional methods 
(bone-cartilage double-staining) in the study of tadpole 
vertebrae, 3) determine the effects of scanning parameters 
on image quality, and 4) recommend guidelines for 
the use of micro-CT in the anatomical study of tadpole 
vertebrae. 


2. Materials and Methods 


2.1. Sample preparation We used 53 tadpole specimens 
representing three anuran amphibian species from three 
genera of Megophryidae (Table S1) that were preserved 
at the Herpetological Museum of the Chengdu Institute of 
Biology (CIB), CAS. Specimens were first fixed in 10% 
formalin and then transferred to neutral buffered 10% 


formalin (20 individuals) or 70% ethanol (33 individuals) 
prior to scanning (Table S1). We staged the tadpoles 
based on the approach of Gosner (1960). 


2.2. Micro-CT scanning A Quantum GX micro-CT 
Imaging System (PerkinElmer Health Sciences, USA) 
was used to acquire high-resolution 3D images of tadpole 
vertebral structure, located at the Chengdu Institute of 
Biology (Chengdu, China); this imaging system uses a 
cone beam X-ray source and a flat-panel X-ray detector to 
produce high-resolution 3D images of bone structures and 
the surrounding soft tissues (www.PerkinElmer.com). To 
prevent the specimens from drying during scanning, all 
samples were transferred into 2-ml polypropylene pipette 
tips (tube's choosing was based on the tadpole size) with 
10% formalin or 70% ethanol and then fastened to the 
sample bed for scanning. In the high-resolution mode, 
we chose a 72-mm acquisition field of view (FOV) and 
a 45-mm reconstruction FOV, which allowed for a 9-um 
voxel size resolution under a small region (subvolume) 
reconstruction (www.PerkinElmer.com). When we 
compared the results of the two methods (micro-CT 
scan and double-staining), scanning was conducted for 4 
min at a voltage of 70 kV and a current of 80 pA, which 
produced 458 projection images for every specimen. 
To detect the effects of scanning parameters (including 
voltage, current and scan time), we set different levels 
for each parameter according to the instrument design. 
Voltage levels were set at 30 kV, 50 kV, 70 kV or 90 kV; 
current levels were set at 20 uA, 40 uA, 60 uA or 80 uA; 
and scan times were set at 8 s, 18 s, 2 min, 4 min, 14 min 
and 57 min. Skeletal images were reconstructed using 
these projection images under the Quantum GX micro- 
CT Imaging System, and surface meshes of the skeleton 
were produced by regulating the threshold in the volume 
rendering control panel, which controlled voxel intensity 
in the 3D reconstruction. The images were exported in 
BMP (1024 x 1024 pixels) and AVI formats. 


2.3. Bone-cartilage double-staining Post-scanning, 32 
of the 53 scanned specimens (Table S1) were eviscerated 
and then cleared and stained with alcian blue and alizarin 
red following the protocol of Hanken and Wassersug 
(1981). 


2.4. Statistical analysis The data set was tested for 
normality prior to analysis, and the Wilcoxon Signed- 
Rank test was applied to test for inter-method variations 
(micro-CT and bone-cartilage double-staining) in the 
determination of the number of tadpole vertebrae. 
Statistical tests were performed using R software 3.4.2 (R 
Development Core Team, 2017). 
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3. Results 


3.1. Comparison between micro-CT and bone-cartilage 
double-staining The results showed that the two methods 
(micro-CT and bone-cartilage double-staining) could 
both clearly display the tadpole vertebrae in the sampled 
species and that there were no significant differences 
in the detected number of vertebrae of the tadpoles of 
the three species (Table 1, Figure 1). The bones were 
stained purplish red and the cartilage was stained dark 
blue (Figure 1A, 1C, IE, 1G, 1L, 1K, 1M, 10, 1Q and 
1S), and after staining, more than half of the tadpoles 
were bent. Additionally, the bone staining was darker 
with advancement in developmental stage, especially in 
the bones (Figure 1 from K to S). The micro-CT could 
both visualize the bone and discriminate the incompletely 
ossified cartilage from other tissues (Figure 1 from B to 
J and from L to T), and the specimens remained in their 
original positions after scanning. However, the micro-CT 
seemed unable to distinguish the cartilage located in the 
head or arthrosis (Figure 1I, 1J, 1S and 1T). 

The quality of the CT image differed with the 
developmental stages of the tadpoles, with the rendering 
quality of the vertebrae improving with development 
stage. For example, the images of the vertebrae of the 
tadpoles at stage 40 were more complete and clearer than 
those at stage 27 (Figure 1B and 1J). Nevertheless, the 
results of the double-staining technique showed little 
association with developmental stage (Figure 1A, 1C and 
11). 

We also found that the degree of ossification of 
vertebrae varied with development stages within species 
and differed in species at the same stage. Normally, the 
later development stage is always with the higher degree 
of ossification within the species. That is, the bony 
staining color is redder in the higher degree of ossification 
of vertebrae in this study (Figure 1 from K to S). 
However, this trend seemed to be not true among species. 
For example, the degree of ossification of vertebrae in X. 
sangzhiensis was higher than that in B. carinensis at the 
same developmental stage (Figure 1C and 1M), and even 
the degree of ossification of vertebrae in X. sangzhiensis 
at an early development stage was higher than that of B. 
carinensis at a later development stage (Figure 1C and 
1K). Similarly, the number of vertebrae changed with 
developmental stages. In general, the number of vertebrae 
increased first and then decreased within species (Figure 
1 from L to K). However, there was a large variation 
among species, for instance, the number of vertebrae of 
X. sangzhiensis was more than that of B. carinensis at the 
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same developmental stage (Figure 1D and 1N). 

In addition, it was easy to obtain clear 3D images 
of a tadpole skeleton using micro-CT, such as the three 
directional views of the vertebrae of the X. sangzhiensis 
tadpole and to acquire detailed information about the 
vertebrae without destroying the specimens (Figure 2). 


3.2. Factors affecting image quality We found that the 
voltage, current and scan time affected image quality. 
Generally, the image quality increased with increasing 
voltage (Figure 3A). For instance, at 30 kV, the micro-CT 
could not distinguish the vertebrae from polypropylene 
pipette tips (Figure 3, AI and A1), but at 70 kV, the 
vertebrae of the tadpole were clearly displayed. At 90 kV, 
the details of the vertebrae could be observed, but it was 
not possible to differentiate the vertebrae from ethanol 
(the CT values of the two objects were similar) (Figure 3, 
AIV and A4). Similar results were observed at different 
currents, but the impact of the current was less than that 
of the voltage setting. The image quality was similar 
under different currents when voltage and scan time were 
consistent (Figure 3B). Additionally, the image quality 
increased with scan time (from 8 s to 4 min), although 
the trend seemingly declined at 14 min (Figure 4IV). 
As shown in the results, the red arrows indicate that the 
boundaries of the vertebrae were more clearly displayed 
with increasing scan time (Figure 4 from 1 to 4), but 
the image quality did not be obviously improved after 
scanning for 14 min or longer (Figure 4V, 4VI, 4-5, 4-6). 

But beyond that, a stark difference in image quality 
was revealed between the two preservation methods 
(70% ethanol or 10% formalin); the image was sharper 
when the specimens were preserved in 70% ethanol 
(Figure 5). Furthermore, micro-CT could hardly discern 
the skulls of tadpoles preserved in formalin, suggesting 
that preservation has an important effect on scan image 
quality. 


4. Discussion 


The tadpole skeleton consists of cartilage and bone, 
but the cartilage accounts for a larger portion during 
metamorphosis (McDiarmid and Altig, 1999). During this 
stage, the vertebrae are primarily composed of cartilage 
with little or no calcium, most of which cannot be stained 
by alizarin red, so alcian blue or other dyes (such as 
methylene blue and toluidine blue) have been applied 
in the double-staining procedure to reveal cartilage in 
the last several decades (Depew, 2014; Dingerkus and 
Uhler, 1977; Dinggerkus, 1981; Hanken and Wassersug, 
1981; Kelly and Bryden, 1983; Redfern et al., 2007; 
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Figure 1 Comparison of the two methods for displaying tadpole vertebrae. The white backgrounds are the results of bone-cartilage double- 
staining (upper), and the black backgrounds are the corresponding micro-CT results (lower) for the same specimens. Specimen cartilage was 
stained dark blue, and bone stained purplish red. All images present ventral views of the tadpoles. N represents the number of vertebrae. A, B, 
C, D, Land J: the tadpoles of B. carinensis; E , F, G and H: the tadpoles of A. shapingensis; and from K to T: the tadpoles of X. sangzhiensis. 


Scale bar: 5 mm. 
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Table 1 Comparison of the two methods for examining the number of vertebrae in larval megophryids (Wilcoxon Signed-Rank test). 


Species Individuals Method Range Mean + SD Z P-value 
n" micro-CT 9-22 17.33 + 3.76 
Xenophrys sangzhiensis 18 Joubiestiin 9-22 17394381 -1 0.317 
p ES m 10 micro-CT 9-14 11.40 x 2.01 0 1 
k an ik ii ak ili double-stain 9-14 11.40+2.01 
micro-CT 11-19 14.00 + 3.56 
Brachytarsophrys carinensis 4 0 1 
A E E E double-stain 11-19 14.00 + 3.56 
icro- — +42 
Sum of three species 32 opc CT ipe: iude -0.577 0.564 
double-stain 9-22 15.06 + 4.30 


Figure 2 Micro-CT representations of the skeletal anatomy of the X. sangzhiensis tadpole (stage 35). A and B: dorsal view of tadpole 
vertebrae. C and D: ventral view of tadpole vertebrae. E and F: lateral view of tadpole vertebrae. Left-side scale bar: 5 mm. Right-side scale 


bar: 2 mm. 


Wassersug, 1976; Yamada, 1991). However, this most 
popular and traditional method is destructive and can 
distort specimens. Our results show that micro-CT can 
discern the bone and cartilage from other soft tissues 
and can produce a 3D image of the vertebrae, although it 
cannot directly distinguish bone from cartilage without 


the help of contrast agents. Moreover, it is non-invasive 
and can allow researchers to reuse specimens for different 
research purposes, which is especially important for rare 
species. Obviously, the method provides an alternative 
approach to study tadpole vertebrae. 

In this study, micro-CT seemingly could not render 
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Figure 3 Renderings of the X. sangzhiensis tadpole (stage 34) vertebrae under different scanning voltages or currents. Left histograms 
(from I to IV) for each parameter show the distributions of voxel values on a relative linear scale. The X-axis represents the CT value (or 
voxel color table and opacity), and the Y-axis represents the voxel intensity. The ethanol and soft tissues background peak is marked by a 
solid vertical red line, and the mean of the object voxel distribution is marked by a solid vertical green line. The other peaks represent the 
voxel distributions of other objects, such as the peak to the left, which represents pore space and air. Images on the right (from 1 to 4) are 
the scanning results for each parameter. A) The effects of voltage on the scan image. From top to bottom, the respective parameters are 30 
kV-88 p.A-4 min, 50 kV-88 uA-4 min, 70 kV-88 A-4 min and 90 kV-88 uA-4 min. B) The effects of current on scan image. From 1-4, the 
respective parameters are 90 kV-20 uA-4 min, 90 kV-40 uA-4 min, 90 kV-60 uA-4 min and 90 kV-80 uA-4 min. Scale bar: 5 mm. 
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Figure 4 Renderings of the X. sangzhiensis tadpole (stage 34) vertebrae with different scan times. Left histogram (from I to VI) for each 
parameter shows the distribution of pixel grayscale values on a relative linear scale. The X-axis represents the CT value (or voxel color table 
and opacity), and the Y-axis represents the voxel intensity. The ethanol and soft tissues background peak is marked by a solid vertical red 
line, and the mean of the object voxel distribution is marked by a solid vertical green line. The other peaks represent the voxel distributions 
of other objects, such as the peak on the left, which represents pore space and air. The images on the right are the scanning results for each 
parameter. The red arrows indicate the boundary between the two vertebrae. From top to bottom, the respective parameters were 90 kV-88 
uA-8 s, 90 kV-88 uA-18 s, 90 kV-88 A-2 min, 90 kV-88 A-4 min, 90 kV-88 pA-14 min and 90 kV-88 uA-57 min. Scale bar: 5 mm. 


cartilage located in the head and appendages, and we 
speculate that the densities of these cartilages are much 
less than those of vertebrae due to the lack of calcium. 
In particular, articular cartilage is mainly composed of 
proteoglycans, collagens and chondrocytes (Karhula 
et al., 2017), whose densities are similar to those of 
other soft tissues, so micro-CT cannot distinguish 
them. In addition, the main skeleton of the head in a 
tadpole 1s chondrocranium which is a cartilaginous case 
that protects the brain and supports the sense and jaw 
apparatus (Cannatella, 1999). Based on the results of 
both double-staining and micro-CT, the skeleton of the 


head showed a later ossification time than the vertebrae. 
In fact, the head has not completely ossified at the end of 
metamorphosis climax. And, the first sign of appendicular 
skeletal development usually appears after stage 37 
in megophryids (Handrigan et al., 2007). Thus, it is 
more effective to study the vertebrae than other parts 
of the skeleton by micro-CT in megophryid tadpole. 
Furthermore, the scan image quality increases with 
developmental stage, mainly due to the different degrees 
of vertebral calcification. Scherz et al. (2015) reported 
that micro-CT scanning can nicely render highly calcified 
structures, especially bone, because tadpoles have 
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Figure 5 Scanned images of A. shapingensis tadpoles (stage 37) stored in 70% ethanol (A) and in 10% formalin (B). Scale bar: 2 mm. 


relatively higher ossification levels at later developmental 
stages. So, micro-CT scanning is more suitable for 
tadpoles at later stages. 

Indeed, the non-mineralized structures (such as soft 
tissues) in small vertebrates or invertebrates can also be 
visualized by micro-CT with the help of contrast agents 
(Descamps et al., 2014; Gignac et al., 2016; Metscher, 
2009a), such as PTA (196 (w/v) phosphotungstic acid in 
water) and IKI (1% iodine metal (12) + 2% potassium 
iodide (KT) in water); Some soft tissues of Xenopus laevis 
tadpoles have been successfully studied using micro-CT 
in combination with a contrast agent (PTA) (Descamps et 
al., 2014; Metscher, 2009b). Thus, we can also combine 
with the contrast agent to explore the anatomy and 
osteology of tadpole when conducting CT scan. 

The degree of ossification of vertebrae has drastic 
variation among species at the same developmental 
stage. As shown in this study, the degree of ossification 
of X. sangzhiensis at the same or an earlier stage was 
higher than that in B. carinensis. Meanwhile, the number 
of vertebrae in the former is much more than that in 
the latter. This difference may be mainly related to the 
heterochronous arrest of bony development. Trueb 
(1973) reported that heterochrony is operational in the 
maintenance of osteological differences between the 


sexes in hylids. E. M. T. Stephenson (1960) and N. G. 
Stephenson (1965) also argued that the heterochronous 
changes would result in some types of osteological 
differences among closely related species. Thus, we 
speculate that the degree of ossification of vertebrae 
varied with species also resulted from the heterochrony of 
bony development. Furthermore, axial and appendicular 
skeletal development usually starts in quick succession 
and then proceeds together in anurans (Maglia 2003). 
However, Handrigan et al. (2007) found that much 
of vertebral column development occurred before the 
onset of ossification in the limbs in megophryids. We 
also revealed a similar phenomenon that the degree of 
ossification of vertebrae is different between species at 
the same developmental stage (or the same development 
level of the external limb). So, the Gosner staging table 
that is based primarily on limb development is not always 
an appropriate standard for all species as megophryid 
tadpole (Handrigan et al., 2007). 

For tadpole scanning, the voltage played a key role 
among the scanning parameters, but it is inadvisable 
to choose an overly high or low voltage since these 
scanning parameters can increase the overlapping 
intensities between the void and solid phases, which will 
reduce the degree of differentiation. Similar results were 
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observed when comparing different currents or scan 
time, so we recommend moderate scanning parameters 
(such as 70 kV-80 pA-4 min) when scanning tadpoles. 
In addition, micro-CT performed poorly when using 
specimens stored in formalin preservative because 
formalin can decalcify the skeleton, especially bone 
(Heyer et al., 1994), diminishing the contrast between 
the skeleton and soft tissues. Therefore, we suggest that 
specimens to scan should be preserved in 70% ethanol, 
or formalin preservative should be kept neutral to reduce 
decalcification. 

Bone-cartilage double-staining is a critical tool for 
evolutionary and developmental biologists to evaluate 
the ontogeny of the skeleton (Depew, 2009) because it 
can clearly distinguish differences between bone and 
cartilage. However, this process 1s time-consuming and 
complex, requires specialized chemicals, and is ultimately 
destructive to the specimens, preventing future uses 
(Hanken and Wassersug, 1981; Simons and Van Horn, 
1971; Wassersug, 1976; Williams, 1941). These issues 
are especially impactful for rare specimens that must be 
utilized for a variety of studies, but micro-CT can avoid 
these drawbacks due to its non-invasive nature. First, we 
can dissect tadpole vertebrae in vivo without damaging 
the samples, which is very important for preserving rare 
specimens. Second, it is convenient and efficient to scan a 
large number of samples. Furthermore, we can reconstruct 
a particular structure or slice(s) at a higher resolution 
(du Plessis et al., 2017). It is also possible to repeatedly 
change the scanning parameters until a satisfactory image 
is obtained, and the multiple output files (including video 
format) from micro-CT can be viewed using different 
software. 


5. Conclusion 


This study demonstrated that micro-CT is a rapid, non- 
invasive, reliable and efficient method for studying 
the vertebrae of tadpoles and can increase specimen 
utilization. Correspondingly, it also provides an 
alternative approach to study vertebrae in tadpole biology. 
Ethanol preservative and moderate scanning parameters 
are recommended in tadpole scan. Furthermore, we 
suggest that micro-CT, alone or in combination with 
bone-cartilage double-staining, be more widely applied 
in herpetological research to promote the development of 
the field. 
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Appendix 


Table S1 Information on the samples used in this study. 


Species Catalogue Gosner stage Preservation Processing 
Atympanophrys shapingensis LZPHSTOI 27 70% ethanol CTS&DS 
Atympanophrys shapingensis LZPHSTO2 28 70% ethanol CTS&DS 
Atympanophrys shapingensis 131555-03 26 70% ethanol CTS&DS 
Atympanophrys shapingensis 131555-04 28 70% ethanol CTS&DS 
Atympanophrys shapingensis 131555-06 29 70% ethanol CTS&DS 
Atympanophrys shapingensis 131555-08 30 70% ethanol CTS&DS 
Atympanophrys shapingensis LZP201606-01 37 70% ethanol CTS&DS 
Atympanophrys shapingensis LZP201606-02 25 70% ethanol CTS&DS 
Atympanophrys shapingensis LZP20160418 31 70% ethanol CTS&DS 
Atympanophrys shapingensis LZP2015101201-01 27 70% ethanol CTS&DS 
Atympanophrys shapingensis K0034-01 27 10% formalin CTS 
Atympanophrys shapingensis K0034-02 28 10% formalin CTS 
Atympanophrys shapingensis K0034-03 26 10% formalin CTS 
Atympanophrys shapingensis K0034-04 27 10% formalin CTS 
Atympanophrys shapingensis K0034-05 38 10% formalin CTS 
Atympanophrys shapingensis K0034-06 39 10% formalin CTS 
Atympanophrys shapingensis K0034-07 37 10% formalin CTS 
Atympanophrys shapingensis K0034-08 36 10% formalin CTS 
Xenophrys sangzhiensis TPS57 34 70% ethanol CTS 
Xenophrys sangzhiensis TPSOI 27 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPSO2 32 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS03 33 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS04 26 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS06 37 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS08 35 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS10 25 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS29 26 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS30 32 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS32 34 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS35 42 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS36 32 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS37 44 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS45 34 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS53 31 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS89 30 70% ethanol CTS&DS 
Xenophrys sangzhiensis TPS98 29 70% ethanol CTS&DS 
Xenophrys sangzhiensis 2015102101-07 36 70% ethanol CTS&DS 
Brachytarsophrys carinensis 3655 35 70% ethanol CTS&DS 
Brachytarsophrys carinensis 3823-01 40 70% ethanol CTS&DS 
Brachytarsophrys carinensis 3823-02 27 70% ethanol CTS&DS 
Brachytarsophrys carinensis 3823-03 31 70% ethanol CTS&DS 
Brachytarsophrys carinensis 150143-01 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-02 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-03 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-04 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-05 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-06 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-07 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-08 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-09 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-10 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-11 26 10% formalin CTS 
Brachytarsophrys carinensis 150143-12 26 10% formalin CTS 


CTS: CT scan, DS: Double stain 


